Isolation of morphologically different cell types
The techniques of cell and tissue culture provide one approach to isolating different cell populations from both normal rat mammary glands and DMBA-induced mammary adenocarcinomas (Hallowes et al. 1977 .One of the first clonal cell lines from a DMBA-induced tumour yielded a type of epithelial cell termed 'cuboidal' which can give rise to two other morphologically different cell types, termed 'elongated' and 'droplet' (Bennett et al. 1978) . These two other cell types arise even after repeated cloning of the original 'cuboidal' colony. This cuboidal cell line has been designated Rama 25 (Rat Mammary 25), and a representative 'elongated' cell line from Rama 25 as Rama 29 ( Figure I) . The droplet cells cannot be cloned, but can revert to the 'cuboidal' cells; the conversion to elongated cells seems to be irreversible. At conftuency, patches of 'droplet' cells often form hemispherical blisters or 'domes' formed by local detachment of the cell monolayer. These 'domes' have been noticed earlier in mass cultures of other mammary epithelial cells and are believed to be a manifestation of alveolar cells in culture (McGrath 1975) . 'Cuboidal' cell lines similar to Rama 25 have been isolated from normal glands of neonatal rats and these also can give rise to the other two morphologically different cell types in culture (Rudland, Bennett & Warburton 1980) . Morphologically similar 'cuboidal' cells have been isolated from Rama 25 cultures, normal glands and other adenocarcinomas which apparently give rise only to 'elongated' cells (Rudland, Bennett, Ritter et al. 1980) , and in one case to a stable cell line (Bennett 1979) . However, different subclones of Rama 25 cells have different conversion (Reproduced from Rudland et al. 1979, kind permission) frequencies (unpublished) and hence the apparent failure of some 'cuboidal' cell lines to convert to the other cell types may just reflect that the conversion frequency in one or both directions is extremely low rather than that they represent novel cell types different from Rama 25 'cuboidal' cells. Stromal cell lines have also been initiated from both normal glands (Rama 27) (Bennett et 01. 1978) and DMBA-induced adenocarcinomas (unpublished) .
Cells with morphologies intermediate between the 'cuboidal' and 'elongated' cells on the one hand and the 'cuboidal' and 'droplet' cells on the other have been identified in Rama 25 cultures under different conditions. The former morphological intermediates can be isolated as relatively stable clonal lines which convert to 'elongated' cells at much higher frequencies and do not form 'droplet' cell cultures without first forming 'cuboidal' cells (Rudland, Bennett, Ritter et 01. 1980) . Morphological intermediates of the latter pathway have only been transiently observed in confluent cultures. Whether the morphological intermediates are true cell intermediates in either conversion pathway remains to be established.
Characterization of cultured cells
In the rat mammary system the 'elongated' Rama 29 cells differ from the 'cuboidal' Rama 25 cells and more closely resemble the stromal-derived Rama 27 cells, not only in ultrastructure but also in the pattern of distribution of the Na+/K+ ATPase (Russo et 01. 1977) , actin (Lazarides & Weber 1974) , myosin (Weber & Groesche1-Stewart 1974) , the fibroblastoid extracellular matrix glycoprotein, fibronectin (Graham et 01. 1975) , the thymocyte differentiation antigen Thy-l.1 (Reif & Allen 1964 ,Stem 1973 ,Letarte-Muirhead et 01. 1975 and the cell surface components accessible to lactoperoxidase-catalysed-iodination (unpublished). However, Rama 29 cells and fresh elongated cell converts or 'floaters' contained a few extra features compared with normal fibroblasts (Franks & Wilson 1977) . These included extracellular material resembling basal lamina often connected to cells by hemisome-like junctions, pinocytotic vesicles (Bennett et al. 1978) and evidence consistent with the production of basement-membrane-specific type IV-collagen (Trelstad & Slavkin 1974) in contrast to the type I collagen produced by Rama 27 cells (Rudland, Bennett, Ritter et al. 1980) . These results suggest that the Rama 29 cells and 'floaters' are myoepithelial-like cells showing both mesenchymal and epithelial properties (Hackett et al. 1977) . Peanut lectin (Klein et al. 1978) and antiserum raised against casein (Young & Nelstrop 1970) react only with secreting epithelial cells in the mammary gland and not with myoepithelial or mesenchymal cells, and in culture react weakly with 'cuboidal' cells or more strongly with 'droplet' cells but not with Rama 29 or Rama 27 cells (Newman et al. 1979 , Bennett et al. 1978 .The 'droplet' cell is consequently identified as an alveolar-like cell.
However, the classification of 'elongated' and 'droplet' cells as myoepithelial and alveolar cells is not so simple. Firstly, in the case of the 'elongated' cells the abundance of rough endoplasmic reticulum and the virtual absence of the myofilaments typical of myoepithelial cells in the animal suggest that they resemble premyoepithelial cells (Bennett et al. 1978) . Secondly, although the 'droplet' and 'doming' cultures can synthesize casein-like material, the amount secreted is 50 or 100 times less than in organ cultures of rodent glands ; neuraminidase treatment of these cultures is required before elevated levels of peanut lectin binding is observed (Newman et al. 1979 ) similar to the requirements for neuraminidase treatment of sections from rats in early pregnancy (unpublished), and the ultrastructure of these cultures have shown little evidence of secretory activity (Bennett et al. 1978) . This suggests they may be presecretory alveolar cells.
Tumour formation bycultured cells
In order to find out if the conversion of the 'cuboidal' to an 'elongated' and a 'droplet' cell occurred invivo as well as invitro, and to test for neoplastic potential, the different cell lines have been injected into nude, athymic mice and into the intrascalpular fat pads of rats (DeOme et al. 1959 , Gould et al. 1977 . Pure 'cuboidal' Rama 25 cells form palpable tumours when injected into either rodent, whereas the 'elongated' cell converts, Rama 29, do not. These results suggest that the neoplastic potential is lost in the conversion of 'cuboidal' to 'elongated' cells (Bennett et al. 1978) .The tumours so formed in all cases show both sarcoma-like and adenocarcinomalike regions, although the relative proportions vary from tumour to tumour.
The sarcoma-like regions consist of spindle-shaped cells, while the adenocarcinoma-like regions contain circular structures of 'cuboidal' epithelial cells often surrounding a central lumen. Using Coomassie Navy Blue, a histological stain for myosin-like proteins (Puchtler et al. 1969) which demonstrates the myofilaments of mammary epithelial cells (Schlotke 1976) , the cytoplasm of the spindle cells are heavily stained often in discrete streaks. Most of the spindle cells are of rat origin, since in tumours from nude mice they fail to stain with Hoechst 33258 which preferentially stains mouse and not rat chromatin (Moser et al. 1975) . Similar spindle cells are also sometimes observed round the edges ofthe circular structures of cuboidal epithelial cells (Bennett 1979) . Most spindle cells in both regions and the myoepithelial cells in normal rat mammary glands also stain with anti-Thy-l serum (unpublished). In addition to the adenocarcinoma-like regions, parts of the sarcoma-like regions also show evidence for epithelial-like organization of reticular fibres (Evans 1958 , Bloom & Fawcett 1975 , and the presence of myofilaments within some spindle cells with adjacent basal lamina (Bennett 1979). Thus some spindle cells in the sarcoma-like regions have both muscle-like and epithelial-like properties suggesting that these cells are myoepithelial, showing varying degrees of differentiation. Some rats bearing tumours have been exposed to elevated levels of prolactin before isolation of the tumours. Cuboidal cells, in well-differentiated areas, stain specifically with fluorescently labelled anti-casein serum and peanut lectin. Without elevating the levels of prolactin, however, the stain for casein is much weaker and the resultant sections from these tumours have to be treated with neuraminidase before peanut lectin binding is apparent (unpublished). Thus, some epithelial cells in the tumours can give rise to functional alveolar cells as measured by the above tests.
From a study of the markers used for both myoepithelial and secretory alveolar cells it appears that whereas the full expression of the differentiated phenotype is difficult to achieve with cultured Rama 25 cells, nevertheless a full expression can be achieved in some cells from tumours induced by Rama 25 cells in rodents. Since the dually-converting cuboidal epithelial cell line Rama 25 can give rise to the main differentiated cell types observed in the mammary gland, then such a 'cuboidal' cell is a candidate for a stem cell for this tissue.
Differentiation of stemcells in vitro
Agents which increase the rate of conversion of confluent cultures of 'cuboidal' Rama 25 to 'droplet' and 'doming' alveolar-like cells fall into two categories: (I) known mammotrophic hormones, prolactin, hydrocortisone, and insulin; (2) artificial compounds, notably dimethyl sulphoxide (DMSO), which promote differentiation of Friend erythroleukaemic cells in vitro (Friend et 01. 1971 , Reuben et 01.1976 . Agents from either group alone have little effect. The artificial inducer DMSO can be replaced by near physiological concentrations of the vitamin A metabolite retinoic acid. Increasing concentrations of DMSO with the mammotrophic hormones cause increasing rates of alveolar-like cell differentiation and concomitantly reducing rates of cellular DNA synthesis (Rudland, Bennett, Ritter et 01. 1980 ). The Friend cell inducers and the glucocorticoids predominantly stimulate the production of 'domes', whereas the Friend cell inducers and prolactin are mainly responsible for the increase in casein-like material production (Warburton et 01. 1979) . This suggests that some differentiation events can be independently regulated by altering the hormonal conditions, and that a sequence of changes -droplet cells, doming cultures, casein secretion -can be brought about by sequential changes in the hormonal environment. Agents which promote differentiation of cuboidal to 'elongated' myoepithelial-like cells are unknown.
In the mammary gland, epithelial cells do not normally grow in two dimensional sheets on plastic, but as tubular ducts or clusters of hollow alveolar spheres which penetrate the matrix of connective tissue and fatty stroma. Rama 25 cells grown on floating gels of hydrated rat tail collagen (Emerman et al. 1977 )with a medium containing hydrocortisone and insulin, initially grow as a single layer of cells which infiltrate the matrix by the formation of buds and invaginations. Some of these grow into tubules which may branch several times and often have bulbous ends. In cross-section many of the tubules are hollow, composed of a single layer of cells surrounding a central lumen. The tubular structures formed by Rama 25 cells resemble either mammary rudiments found in the rat during early development of the mammary gland or the growing mammary ducts terminating in bulbous 'end buds' which appear later in development.
Stem cellsin vivo
It appears that the 'cuboidal' cell line Rama 25, initially isolated from a DMBA-induced tumour, is a type of pluripotent mammary epithelial stem cell which can form two further cell types, an alveolar-like and a myoepithelial-like cell. Such stem cells probably exist in normal glands, since the same morphological transitions can be accomplished by 'cuboidal' clonal cell lines cultured from neonatal rat mammary tissues. These cells could constitute a pool of undifferentiated cells in the mammary gland, replenishing not only the original pool by proliferation but also the much more slowly-growing differentiated cells by various processes of differentiation. Whether all mammary epithelial cells or just a subfraction can undergo these cellular conversions is unknown at present.
The existence of mammary stem cells in vivo has been postulated in various connections.
However, there is no general agreement as to how many types of mammary stem cells exist and when and where in development they are found. It is probable that such a cell would appear early in development, since myoepithelial cells can be found in the mammary rudiment before birth (Salazar & Tobon 1974 , Schlotke 1976 ). The structures formed from Rama 25 cells grown on floating collagen gels support the idea that one cell type can form branching tubules and would, therefore, be capable of morphogenesis of the whole breast, the mesenchymal cells being able to modify the degree of branching of the rudimentary gland (Kratochwil 1969) . If cuboidal lining epithelial cells like Rama 25 form only two essentially different types of cell, 'cuboidal' and 'elongated', then a stern cell like this could be responsible for generation of the structures found in the immature mammary gland. In the mature mammary gland the terminal ducts terminate in bulbous solid end-buds which usually contain only cuboidal cells. The terminal end-buds in the rat are maximal in size at about 40 days of age and then gradually disappear and develop into secretory alveoli, especially during pregnancy (Russo et al. 1979) . In some animals terminal end-buds reappear at the oestrus of each oestrus cycle when the epithelium undergoes increased growth followed by partial regression, suggesting the reversible nature of this change (Cole 1933) . A stem cell such as Rama 25 which can differentiate into an 'elongated' myoepithelial-like cell, and reversibly into a 'droplet' cell giving rise to a milk-producing cell under suitable hormonal changes, could also have a role at this later stage of development.
The suggestion that stem cells may be required during two discrete stages of development is supported by the observation that subclones of Rama 25 and independent isolates of cuboidal cell lines from normal glands have different rates of formation of 'elongated' and 'droplet' cells. Some of these 'cuboidal' cells can convert only to 'elongated' myoepithelial-like cells while others can convert to both 'elongated' myoepithelial-like and 'droplet' alveolar-like cells. However, the discrete developmental stages observed by Russo et al. (1979) in the mammary gland may be more apparent than real. The differences in cell structure and function from the primary duct to the terminal lobular-alveolar units can be equally well interpreted as a continuous rather than as a series of discrete changes in the epithelial cells. Therefore, there may not be sharp delineations between different mammary epithelial cell types, but rather a gradation of phenotypes arising from one mammary stern cell with differing conversion frequencies.
Stem cells and cancer
If mammary development arises from an epithelial stem cell which can differentiate in two different ways yielding different cell types then, in theory, pathologically different tumours could also arise from the different cell types in the mammary gland, as they do in the tumours originating from the precursor cells to blood and lymph (Greaves & Janossy 1978) . The mammary adenocarcinomas induced by the chemical carcinogen DMBA in rats contain two basic cell types, the elongated myoepithelial-like cell and the cuboidal epithelial-like cell. To date only the cuboidal epithelial cells and not the myoepithelial-like cells are found to be neoplastic alone. Many of the myoepithelial cells in the original tumour probably arise by differentiation of the cuboidal epithelial cells, and the pathological appearance of different regions of the tumour may be reflected in the relative conversion frequencies of the neoplastic stern cells to be found in the vicinity -ranging from frank carcinomatous areas showing welldifferentiated circular structures to frank sarcoma-like regions containing predominantly spindle-shaped myoepithelial-like cells. Indeed, since cell-morphological intermediates are also generated by our neoplastic cell lines in culture, the surprise is that the induced mammary carcinomas of the rat are so uniform in appearance rather than the apparent great variability within and between tumours which is the pathological hallmark of this disease (Young & Hallowes 1973) .
What are the possibilities ofgenerating neoplastic cells from the other two end cells identified in the differentiation pathways? The elongated myoepithelial-like cells proliferate at rates comparable to the epithelial cells in tissue culture (Rudland, Bennett, Ritter et al. 1980) and probably invivo (Murad & von Haam 1972) . Hence one would suspect that a neoplastic variant of the myoepithelial cell would give rise to spindle-cell tumours little different from sarcomas.
In the second case, the 'droplet' cells invitro (Rudland, Bennett, Ritter et al. 1980 ) and alveolar cells in. mice (Bresciani 1968) have a markedly reduced proliferation rate compared to the 'cuboidal' stern cells or terminal end-bud cells respectively, and hence any potentially neoplastic cell-variant would be distinctly less likely to give rise to an overt tumour. Indeed, any environmental changes which induced 'cuboidal' cells to convert to 'droplet' cells in vitro may be expected to inhibit the carcinogenic process invivo. Thus, it is not surprising that prolactin and vitamin A should be so efficient in preventing DMBA or N-methylnitrosourea induction of mammary tumours in female rats (Meites 1972 , Moon et al. 1977 .
It would seem plausible, therefore, that if such a mammary stem cell as that discovered in rats is the target for carcinogenic insult in humans, then the relative abundance of such a cell would be one of the main determining factors involved in the incidence of the disease, and the rate at which that particular stem cell would proliferate or differentiate into a more innocuous cell would be one of the determining factors in the natural progression of the tumour.
